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A RAPID MULTI-MATERIAL SAMPLE INPUT SYSTEM 

This application claims the benefit of United States Provisional Application No. 
60/205,730, filed May 19, 2000, and that application is hereby incorporated by reference. 

5 

L TECHNICAL FIELD 

Material transfer technology that apportions discrete amounts of material and 
introduces the apportioned material into a flow path to provide a plurality of separate 
materials within a continuous fluid stream that can be delivered to numerous material 
10 differentiation technologies for analysis or separation. 

E. BACKGROUND 

The rapid supply of discrete amounts of material to a continuous fluid stream for 
analysis by various types of material differentiation technologies, such as, 

15 chromatographs, mass spectrometers, flow cytometers, fluorometers, spectrophotometers, 
or the like has numerous applications such as the profiling of pharmacological 
compounds, the study of ligand-receptor kinetics, estimating the number of individual 
particles within populations, and so forth. Understandably, there is great interest in 
increasing the rate at which small discrete amounts of material can be introduced into 

20 fluid streams because it can be the rate limiting step in analyzing the characteristics of the 
materials studied. As such, over the years, various technologies have been developed to 
increase the rate with which a large number of discrete amounts of material can be 
delivered for analysis to the various types of material differentiation systems. However, a 
number of significant problems remain unresolved with respect to these conventional 

25 material transfer technologies. 

A significant problem with conventional material transfer technology may be the 
creation of pulsatile flow characteristics (variations in pressure or volume or both) in the 
fluid stream. As disclosed by United States Patent No. 5,804,436, hereby incorporated by 
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reference, some conventional technologies utilize peristaltic pumps to introduce materials 
into a fluid stream or to maintain the flow of a fluid stream within a fluid path. The fluid 
stream being conformably responsive to the peristalsis of the pump acquires 
corresponding volume and pressure differences which are then transmitted along the fluid 
5 stream to the material differentiation system responsive to the fluid stream. In the context 
of flow cytometer technologies, these volume and pressure differences can be manifested 
by a disruption of the laminar flow of the liquid fluid stream or an increased variation in 
droplet break off point from the fluid stream at the flow cytometer nozzle. Even with 
advanced fluid stream compensation technology these volume and pressure differences 
10 can make cell differentiation or cell sorting less efficient, impractical, or even impossible. 

Another significant problem with conventional material transfer technology may 
be that bubbles are introduced into a liquid fluid stream. Certain conventional 
technologies interpose an amount of gas between discrete amounts of liquid material to 
15 maintain separation between them. In some cases, the interposed gas may then be 
delivered to the material differentiation system with the liquid materials for analysis. 
Delivering gas bubbles with the material to be analyzed, whether inadvertent or not, may 
not be compatible with some types of material differentiation technology, such as flow 
cytometry and high pressure liquid chromatography. 

20 

Another significant problem with conventional material transfer technology may 
be that it requires too much time to introduce material into the fluid stream and deliver the 
material to the material differentiation system. Conventional technology may be limited 
to introduction of 6-10 different discrete amounts of material every minute, or about 10 
25 seconds to about 15 seconds per material sample. As described in United States Patent 
No. 5,804,436, with respect to a method that measures the physiological response of cells 
to concentrations of agonist or antagonist the flow rate and the length of the reaction 
developing line were chosen so that a time interval of 40 seconds elapsed from the point 
at which cells mixed with the various compounds to the point at which the cells were 
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interrogated. 

Another significant problem with conventional material transfer technology may 
be that the core stream entraining material within a laminar flow path can be too wide. In 
5 some applications, for example, the width of the core stream can be important in 

presenting particles for interrogation in a serial fashion. In the flow cytometer context, a 
core stream having a narrow width reduces the number of events in which more than one 
individual particle is presented for interrogation (coincident events). As the core stream 
widens, the number of coincident events increases and the number of sorts per unit time 

10 may decrease as coincident events cannot be differentiated and are discarded. Attempts to 
increase the rate at which materials are processed by increasing the pressure of the liquid 
stream can generate an increased core stream width as materials are ejected from the 
injector flow path into the laminar flow path of the nozzle of the flow cytometer. As can 
be understood, for certain applications, the rate of introducing discrete amounts of 

15 material must also be accomplished within fluid stream parameters compatible with the 
material differentiation technology utilized. 

Another significant problem with conventional material transfer technology may 
be that material introduced into the flow path has a concentration outside the range 
20 suitable for biological applications. With respect to the coincident events above- 
described as an example, attempts to reduce the concentration of cells per unit volume in 
a liquid stream by dilution can alter the extracellular environment so that it is no longer 
consistent with the normal functioning of the cells. 

25 Another significant problem with conventional material transfer technology may 

be that rapidly introducing discrete amounts of materials into a fluid stream cross 
contaminates (mixes a portion of one discrete amount of material with a second discrete 
amount of material) the materials. For example, conventional flow path switching 
technology that provides a rotor having external loops that reciprocates between ports 
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responsive to a stator to alternately engage two separate flow paths may carry the material 
from one flow path to the next. This can be particularly problematic when the materials 
in the respective flow paths cling to the surfaces of the flow paths. As such, conventional 
flow path switching technology can require relatively lengthy periods to evacuate the flow 
5 path of a first material prior to introducing a second material. 

With respect to material transfer technology that apportions discrete amounts of 
material and introduces the apportioned material into a flow path, and specifically with 
regard the use of such material transfer technology in the flow cytometer context the 
10 instant invention addresses every one of the above-mentioned problems in a practical 
fashion. 

m. DISCLOSURE OF THE INVENTION 

Generally the invention comprises various embodiments of material transfer 
15 apparatus and methods of transferring or introducing small discrete amounts of materials 
into a fluid stream. Specifically, the invention comprises various embodiments of 
selectably engaged flow paths and methods of selectably engaging flow paths to 
accomplish the rapid introduction of materials into a fluid stream to provide materials that 
can be analyzed by various types of material differentiation technology. 

20 

While the following description provides numerous examples of flow cytometer 
* embodiments of the invention, it should be understood that the examples are meant to be 
illustrative of a sufficient number of embodiments of the invention to allow the ordinary 
person of skill in various fields of technology to make and use the invention in a broad 
25 variety of applications including, but not limited to, chromatography, mass spectrometry, 
fluorimetry, spectrophotometry, or the like. 

Moreover, while certain examples of embodiments of the invention include a 
fluid stream, it should be understood that a fluid stream can be either a liquid or a gas, 
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unless expressly limited to one or the other, and fluids should be understood to include all 
liquids that can be made to conformably flow in a flow path, such as, the numerous 
variety of organic or inorganic liquids, solvents, reagents, water, cell culture media, 
sheath fluids, eluants, combinations and permutations thereof, or the like, and also 
5 includes all gases whether purified, as mixtures, or atmospheric gases, or otherwise, 
regardless of the temperature, volume, pressure, or concentration, unless expressly 
limited. 

Similarly, while certain embodiments of the invention involve the entrainment of 
1 0 cells within a liquid stream, it should be understood that the examples are illustrative of 
the broad variety of materials or particles that may be entrained including, but not limited 
to, biological particles such as cells, bacteria, proteins, peptides, amino acids, 
polynucleotides, nucleic acids, or the like, whether the component of the particle 
interrogated is on the surface or within the particle, and further includes particles, such as, 
15 solid supports, beads, stains, fluorescent labels, organic molecules, inorganic molecules, 
or the like. 

As can be easily understood from the foregoing, the basic concepts of the present 
invention may be embodied in a variety of ways including various permutations and 
20 combination of the various elements and which may be scaled up or down. As such, the 
objects of the invention are similarly numerous and varied. 

It is therefore, a broad object of embodiments of the invention to introduce 
discrete amounts of material into a continuous fluid stream. One aspect of this object can 
25 be to introduce discrete amounts of material without substantially changing the volume or 
the pressure of the fluid stream. Another aspect of this object can be to introduce discrete 
amounts of material into a fluid stream without substantially disrupting the laminar flow 
of the fluid stream. A third aspect of this object can be to introduce discrete amounts of 
material into a liquid fluid stream without introducing substantial amounts of gas. 
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Another significant object of embodiments of the invention can be to rapidly 
serially introduce a number of materials into a fluid stream in a short duration of time. 
One aspect of this object of the invention can be to introduce discrete amounts of different 
materials into a fluid stream serially about every 500 microseconds to about every 1 

5 second. A second aspect of this object of the invention can be to accomplish such rapid 
introduction of different materials into the fluid stream without substantially disrupting 
the continuous fluid stream. A third aspect of this object of the invention can be to 
accomplish rapid introduction of different materials into a continuous fluid stream 
without a significantly broadening the fluid stream width as it exits a flow path into a 

10 larger laminar fluid stream flow. 

Another significant object of embodiments of the invention can be to mix different 
materials in a small amount of volume within the flow path. A specific aspect of this 
object of the invention can be non-diffusional turbulent mixing of a discrete number of 

15 particles, such as cells, with a discrete volume of reagent substantially contacting the 

entirety of the surface area of all the particles with the reagent in a flow path volume of 20 
microliters or less. Another aspect of embodiments of the invention can be to provide 
non-diffusional turbulent mixing of a discrete number of particles with a discreet amount 
of reagent and then incubate the particles within a flow path of less than 20 microliters for 

20 a specific amount of time prior to interrogating the particles. 

Another significant object of embodiments of the invention can be to introduce 
biological materials, such as cells, into a fluid stream in sufficient numbers to establish a 
concentration that maintains the extracellular environment within a range compatible with 
25 biological functioning of the cells. One aspect of this object can be to maintain rapid 
introduction of different discrete amounts of materials or cells into the fluid stream at a 
pressure that does not substantially increase the core width of the stream as it exits the 
flow path into a larger laminar flow fluid stream. For example, flow cytometry 
embodiments of the invention can maintain the core width of the fluid stream containing 
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separate discrete amounts of cells at a width between about two (2) micrometers to about 
three (3) micrometers at a pressure of about 66 pounds per square inch when ejected into 
a laminar flow sheath fluid stream having a pressure of 60 pounds per square inch. 
Importantly, the difference between the pressure of the fluid stream and the laminar flow 
5 into which the fluid stream is ejected is only about 6 pounds per square inch. As such, 
there is little retardation of the stream velocity and the core width can remain substantially 
the same as the flow path from which it was ejected. 

Another significant object of embodiments of the invention can be to minimize 
10 cross contamination between separate discrete amounts of material even at high 
introduction rates into a fluid stream. 

Another significant object of the invention can be to provide a selectably engaged 
flow path that can be rotationally engaged using single direction of rotation. One aspect 
of this object can be to eliminate conventional reciprocating flow path switching 
1 5 technology. A second aspect of this obj ect of the invention can be to reduce the number 
of components comprising the selectably engaged flow path. A third aspect of this object 
can be to increase the speed at which the selectably engaged flow path can operate or the 
speed at which the serial steps of engaging a plurality of flow paths can be accomplished. 

20 Naturally further objects of the invention are disclosed throughout other areas of 

the specification and claims. 

IV. BRIEF DESCRIPTION OF THE DRAWINGS 

25 Figure 1 shows a generalized flow diagram of an embodiment of the invention. 

Figure 2 shows a generalized diagram of an embodiment of a material location 
coordinate tracker element. 

7 
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Figure 3 shows a generalized flow cytometer. 

Figure 4 shows a second view of a generalized flow cytometer. 

5 Figure 5 shows an exploded diagram of an embodiment of the selectably engaged 

flow path invention. 

Figure 6 shows an embodiment of a rotational surface of the selectably engaged 
flow path invention having rotational surface recess elements. 
10 J 

Figure 7 shows an embodiment of a rotational surface of the selectably engaged 
flow path invention having rotational surface recess elements. 

i 

Figure 8 shows an embodiment of a rotational surface of the selectably engaged 
1 5 flow path invention having rotational surface recess elements. 

Figure 9 shows an embodiment of a rotational surface of the selectably engaged 
flow path invention having rotational surface recess elements. 

20 Figure 10 shows an embodiment of a rotational surface of the selectably engaged 

flow path invention having rotational surface recess elements. 

Figure 1 1 shows an embodiment of the invention having a rotational surface with 
rotational surface recess elements and a stationary surface having a stationary surface 
25 recess element. 

Figure 12 shows an embodiment of the invention having a rotational surface with 
rotational surface recess elements and a stationary surface having a stationary surface 
recess element. 
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Figure 13 shows an embodiment of the invention having a rotational surface with 
rotational surface recess elements and a stationary surface having a stationary surface 
recess element. 

5 Figure 14 shows an embodiment of the invention having a rotational surface with 

pairs of rotational surface recess elements and a stationary surface having a stationary 
surface recess element. 

Figure 15 shows the fluid volume configuration corresponding to the alignment of 
10 a pair of rotatable enclosed volumes with a stationary enclosed volume. 

Figure 16 shows a fluidics schematic of an embodiment of the invention using two 
four port fluid path switching valves. 

15 Figure 17 shows a fluidics schematic of an embodiment of the invention using two 

four port fluid path switching valves. 

Figure 18 shows a fluidics schematic of an embodiment of the invention using two 
four port fluid path switching valves. 

20 

V. MODE(S) FOR CARRYING OUT THE INVENTION 

The invention involves material transfer technology that apportions discrete 
amounts of material and introduces the apportioned material into a flow path to provide a 
plurality of separate materials within a continuous fluid stream that can be delivered to 
25 numerous material differentiation technologies for analysis. 

Now referring to Figure 1 , a preferred embodiment of a material transfer 
invention is shown. A basic embodiment of such a material transfer invention can 
comprise at least one material (1) having material location coordinates and a selectably 
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engaged flow path (2) at least a portion of which can be fluidicly coupled to a material 
differentiation system (3). The material (1) transferred by the various embodiments of the 
invention can be any material that can flow within the selectably engaged flow path (2). 

5 With respect to some embodiments of the invention, the material (1) can be a 

liquid, such as, water, solvents, reagents, cell culture media, stains, fluorescent labels, 
sheath fluids, or the like. Certain embodiments of the invention may further comprise 
materials, such as, particles, cells, or molecules entrained, suspended, or having a 
concentration in such a liquid, as further described above. 

10 

The material location coordinates can identify the location of a single amount of 
material among a plurality of individual amounts of materials. The location coordinates 
can correspond to the locations of materials arranged in various configurations that are 
typical with respect to a variety of applications, such as, fraction collector configurations, 
1 5 multiple welled tray configurations, or the like. 

In certain embodiments of the invention, the material location coordinates can be 
input to a material locator system (3) that can have or be responsive to a programmable 
memory element (4). The programmable memory element (4) may be programmed with 

20 various material location coordinate tracker functions which can be used to instruct 
variety of types of material location coordinate tracker elements to operably coordinate 
with the various locations that present the various types of materials (1). The tracker 
functions can order the priority of interaction with the various material location 
coordinates and the residence time at each location. The tracker functions can also be 

25 further programmed to facilitate the transfer of a material(s) (1) from particular material 
location coordinates to a material transfer element (5), a selectably engaged flow path (2), 
or to another location. While certain embodiments of the invention specifically utilize a 
Cavro MSP-9000 AutoSampler, Cavro Scientific Instruments, Inc., 242 Humboldt Court, 
Sunnyvale, CA 94089 USA as described in the Cavro MSP-9000 Operators Manual, 
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April 1996, Part 726507C, hereby incorporated by reference, it is understood that a 
variety of material location coordinate tracker elements can be used, such as, movable 
elements that travel to the various material location coordinates or move the location 
coordinates to stationary elements; or stationary elements, such as, electric switching 
5 valves located at each material location coordinate that can be made individually operably 
responsive to the material (1). 

A material transfer element (5) can be made responsive to the material locator 
element (3). The material transfer element can comprise a material interaction element, 

10 which in the case of the Cavro MSP-9000, for example, can comprise a probe (6)(about a 
0.010 inch internal flow path), or in the case of an electric switching valve can be the 
valve body configured to make the valve aperture responsive to the material (1). The 
material interaction element can be fluidicly coupled to the selectably engaged flow path 
(2), in which a pressure gradient can be generated with a pressure differential generation 

15 element (13). The pressure gradient generated within the engaged flow path (2) can draw 
the material (1) a distance into the selectably engaged flow path (7). A portion or all of 
the material (1) drawn into the selectably engaged flow path may then be directed to the 
material differentiation system(3). Alternately, as shown in Figure 1, the material transfer 
element (5) and the material differentiation system (3) can be on separate selectably 

20 engaged flow paths. 

The material transfer element can further comprise a bubble detector(s) (9)(10) 
responsive to the first selectably engaged flow path (2) to provide information concerning 
the position or velocity of the material within the selectably engaged flow path (2). A 
25 pressure differential generator (13) that can be made responsive to the bubble detectors to 
generate a pressure gradient within the first selectably engaged flow path (2) sufficient to 
draw material (1) into the rotatable enclosed volume of the first selectably engaged flow 
path (2), as discussed in detail below. A flow path back flush switching valve (1 1) can 
divert pressured liquid from a separate flow path to clean the portion of the first flow path 
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after the selectably engaged portion, if desired. A first selectably engaged flow path 
pressure sensor (14) can be used to monitor the pressure of the fluid stream in the first 
fluid path. 

5 A second selectably engaged flow path (17) can comprise a fluid source (26) 

having a variably adjustable fluid flow generation means to variably adjust the amount of 
fluid streaming within the second selectably engaged flow path (17). The variably 
adjustable fluid flow generation means ( ) could comprise a head pressure generated 
above a liquid in fluid source (26), but could also be a reciprocation pump, an 

10 apportioning pump, or otherwise depending on the material differentiation system (3) 
responsive to the second selectably adjustable flow path (17). An additional pressure 
application means (19) can be responsive to the second selectably engaged flow path (17) 
to assist the transfer of material (1) introduced into the second fluid stream, as discussed 
in detail below, to the material differentiation system (3). In certain embodiments of the 

1 5 invention, the fluid source (26) could contain a pressurized sheath fluid source which 
delivers sheath fluid to the second selectably engaged flow path (17) at a pressure of 
about 50 pounds per square inch to about 100 pounds per square inch depending upon the 
flow cytometry application. As described below, a portion of the first fluid stream 
containing material (1), such as a liquid entraining cells for certain flow, cytometry 

20 applications, can be sequestered in a first rotatable volume that can be aligned with the 
second selectably engaged flow path (17) to introduce the material (1) into the second 
fluid stream and delivered to the material differentiation system (3). For flow cytometer 
embodiments of the invention the flow path may have a diameter of about 0.010 inches to 
about 0.020 inches and have a total volume from the rotatable enclosed volume to the 

25 flow cytometer of about 5 microliters to about 30 microliters. As such, the material (1) 
introduced into the second fluid stream can be delivered to the point of interrogation 
within the flow cytometer within a second, a half second, or even less. Material can be 
introduced from the first selectably engaged flo path (2) into the second selectably 
engaged flow path (17) about every 500 milliseconds to about every second, or at even 
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higher rates of introduction such as about two to four different material introductions per 
second. 

A third selectably engaged flow path (18) can comprise a second fluid source (19) 
5 having a second variably adjustable fluid flow generation means to variably adjust the 
amount of fluid streaming within the third selectably engaged flow path (17). The second 
variably adjustable fluid flow generation means (19) could comprise the wide variety of 
fluid flow generation means discussed above, or otherwise. The second fluid source (19) 
could comprise a wash fluid source containing a wash fluid responsive to the rotatable 
10 enclosed volume after introduction of material (1) into the second selectably engaged 
flow path (17). 

The material differentiation system (3) can comprise any of numerous 
technologies that can utilize the rapid, precise, introduction of material(s) (1) made 
15 possible with embodiments of the selectably engaged flow path inventions. As such, it is 
understood that the material differentiation system (3) can be, but is not limited to, 
chromatographs, high pressure liquid chromatographs, mass spectrometers, flow 
cytometers, fluorometers, spectrophotometers, or the like. 

20 Now referring to Figures 2 and 3, a material differentiation system (3) can 

comprise a flow cytometer which includes a particle or cell source (27) which acts to 
establish or supply particles or cells. The particles or cells are deposited within a nozzle 
(28) in a manner such that the particles or cells are introduced into a fluid stream or 
sheath fluid (29). The sheath fluid (29) is usually supplied by some sheath fluid source 

25 (30) so that as the particle or cell source (27) supplies the particles or cells into the sheath 
fluid (29) they are concurrently fed through the nozzle (28). 

In this manner it can be easily understood how the sheath fluid (29) forms a sheath 
fluid environment for the particles or cells. Since the various fluids are provided to the 
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flow cytometer at some pressure, they flow out of the nozzle (28) and exit at the nozzle 
orifice (3 1). By providing some type of oscillator (3 1) which may be very precisely 
controlled through an oscillator control (32), pressure waves may be established within 
the nozzle (28) and transmitted to the fluids exiting the nozzle (28) at nozzle orifice (3 1). 
5 Since the oscillator (3 1) acts upon the sheath fluid (29), the stream (33) exiting the nozzle 
orifice (31) eventually and regularly forms drops (34). Because the particles or cells are 
surrounded by the fluid stream or sheath fluid environment, the drops (34) may entrain 
within them individually isolated particles or cells. 

10 Since the drops (34) can entrain particles or cells, the flow cytometer can be used 

to separate particles, cells, or the like based upon particle or cell characteristics. This is 
accomplished through a particle or cell sensing system (10). The particle or cell sensing 
system involves at least some type of detector or sensor (36) which responds to the 
particles or cells contained within fluid stream (33). The particle or cell sensing system 

1 5 (35) may cause an action depending upon the relative presence or relative absence of a 
characteristic, such as fluorochrome bound to the particle or cell or the DNA within the 
cell that may be excited by an irradiation source such as a laser exciter (37) generating an 
irradiation beam to which the particle can be responsive. While each type of particle, cell, 
or the nuclear DNA of cells may be stained with at least one type of fluorochrome 

20 different amounts of fluorochrome bind to each individual particle or cell based on the 
number of binding sites available to the particular type of fluorochrome used 

In order to achieve separation and isolation based upon particle or cell 
characteristics, emitted light can be received by sensor (36) and fed to some type of 
25 separation discrimination system or analyzer (38) coupled to a droplet charger which 
differentially charges each droplet (34) based upon the characteristics of the particle or 
cell contained within that droplet (34). In this manner the separation discrimination 
system or analyzer (38) acts to permit the electrostatic deflection plates (39) to deflect 
drops (34) based on whether or not they contain the appropriate particle or cell (41). 

14 
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As a result, the flow cytometer acts to separate the particle or cells by causing 
them to be directed to one or more collection containers (40). For example, when the 
analyzer differentiates cells based upon a cell characteristic, the droplets entraining the 
cell having a certain cell characteristic of interest can be charged positively and thus 
5 deflect in one direction, while the droplets entraining cells having a different cell 

characteristic can be deflected in at least one other direction, and the wasted stream (that 
is droplets that do not entrain a particle or cell or entrain undesired or unsortable cells) 
can be left uncharged and thus is collected in an undeflected stream into a suction tube or 
the like as discussed in United States Patent Application 09/001,394, hereby incorporated 
10 by reference. Naturally, numerous deflection trajectories can be established and collected 
simultaneously. 

Now referring to Figure 5, an embodiment of a selectably engaged flow path is 
shown. A basic embodiment of a selectably engaged flow path can comprise a stationary 

15 surface (41) and a rotatable surface (42) that can be rotatably engaged with the stationary 
surface (41), and at least one rotatable surface recess element (43). When the stationary 
surface (41) and the rotatable surface (42) are rotatably engaged a rotatable enclosed 
volume can be defined. The stationary surface (41) can be perforated with a first pair 
apertures (44) or ports with which at least one rotatable enclosed volume can be aligned 

20 to engage a first flow path (2). By flowing a first fluid stream (44) within the first 

engaged flow path (2) the volume of the at least one rotatable enclosed volume (43) can 
be filled with an amount of material (1), such as, cells entrained in a liquid. By rotating 
the rotatable surface (43) a portion of the first fluid stream (44) can be sequestered in the 
rotatable enclosed volume. Further rotation of the rotatable surface (42) can bring the 

25 rotatable enclosed volume into alignment with a second pair of apertures (46) or ports 
engaging a second flow path (17). Upon alignment with the second flow path (17) the 
portion of the first fluid stream (44) sequestered in the rotatable enclosed volume can be 
introduced into the second flow path (17). A second fluid stream (45) within the second 
flow path (17) can deliver the portion of the first fluid stream (44) introduced into the 
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second flow path (17) to a target location, such as a particle differentiation system (3). As 
shown in Figure 5, a plurality of rotatable enclosed volumes can be defined by the 
rotatable surface (42) when rotatably engaged with the stationary surface (41). While 
Figure 5 shows, three rotatable surface recess elements (43) each of which can become a 
5 rotatable enclosed volume upon engagement with the stationary surface (41), it can be 
understood that there may be only one or may be numerous rotational surface recess 
elements as desired. Moreover, when a plurality of rotatable enclosed volumes are defined 
each may selectably engage a plurality of flow paths, such as a first flow path (2), a 
second flow path (17), or a third flow path (18), or more can be engaged simultaneously. 
10 As such, a separate fluid stream, such as a first fluid stream (44), a second fluid stream 
(45), a third fluid stream (46), or more can simultaneously flow within each the flow 
paths. 

Embodiments of the invention having three selectably engaged flow paths as 
15 shown in Figures 1 and 5, allows a single (or a plurality of) rotatable enclosed volume(s) 
to be serially engaged with the first flow path (2), the second flow path (17), and then the 
third flow path (18), or as many serial flow paths as may be desired, by rotating the 
rotatable surface (41) in a single direction of rotation, thereby eliminating the need for 
reciprocation between two flow paths, if desired. In some embodiments of the invention, 
20 the first fluid stream can comprise materials (1) transferred into the rotatable enclosed 
volume aligned with the first fluid path (2), while the second fluid stream can comprise 
the introduction of a previously sequestered portion of the first fluid stream (44) into the 
second flow path (18) delivered to the material differentiation system, while the third 
fluid stream (46) can comprise a cleaning solution to wash the rotatable enclosed volume 
25 aligned with the third flow path (18), By simultaneously engaging three separate flow 
paths to three separate rotatable enclosed volumes, three separate distinct functions can 
simultaneously be performed thereby reducing the amount of time to introduce material 
(1) into the flow path delivered to the material differentiation system (3). Certain 
embodiments of the invention used in the flow cytometer context having three selectably 
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engaged flow paths can introduce a different material from the first flow path (2) into the 
second flow path (18) about every 500 milliseconds to about every one second while 
substantially maintaining a continuous fluid stream, as discussed above. Naturally, for 
other applications the introduction of different materials could be even faster or slower as 
5 desired. 

. As further shown in Figure 5, the rotatable surface (42) can be responsive to a 
drive unit (47) with transmission means (48) which rotates the rotatable surface (42). The 
stationary surface (41) and the rotational surface (42) can be fixed in an rotatably engaged 

1 0 position by retaining means (49), such as the mechanical fasteners shown, with a spacer 
(50) maintaining the proper amount of pressure between the rotatable surface (42) and the 
stationary surface (41) to seal the rotation surface recess elements (43) with the stationary 
surface so that the defined rotatable enclosed volumes are sufficiently sealed to 
substantially prevent material (1) or fluids sequestered within the rotatable enclosed 

15 volumes from migrating between the two surfaces. 

Now referring to Figures 6-10, various embodiments of the rotatable surface (42) 
having a variety of rotatable surface recess elements (43) are shown. As can be 
understood from the figures the rotatable surface recess elements (43) can made with 

20 numerous configurations to hold selectable volumes of fluid or material (1) as desired for 
a particular application. The amount of volume for flow cytometer applications, for 
example, can be from about microliter to about five microliters. Certain embodiments of 
the rotatable surface recess elements can have inclined side walls (51) coupled to a planar 
base (52). For flow cytometry applications the base can have a width of about 0.010 

25 inches while the top of the rotatable surface recess element can be about 0.034 inches 
with side walls (51) inclined 30 degrees from perpendicular with the base (52) , as but one 
example. Other embodiments can have a base of 0.005 inches in width and side walls 
inclined 20 degrees from perpendicular with the base (naturally other configurations are 
possible depending on the application). It should be understood that rotatable surface 
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recess elements (43) could be configured with a variety of suitable geometries other than 
those shown in the figures and the figures are illustrative of a sufficient number of 
embodiments that the broad range of rotatable surface recess elements can be designed for 
other applications without undue experimentation. 

5 

Now referring to Figures 1 1-14, embodiments of the invention are shown that 
further comprise a stationary surface recess element (53) that forms a stationary enclosed 
volume (54) when the stationary surface (41) and the rotatable surface (43) are rotatably 
engaged. As can be understood, at least one rotatable enclosed volume (55) can be 

10 rotatably aligned with the stationary enclosed volume to selectably engage a flow path. 
Certain embodiments of the invention provide a plurality of rotatable enclosed volumes 
(54) to align with the stationary enclosed volume at the same time. As shown in each of 
Figures 12-14 two rotatably enclosed volumes (55) are aligned with the stationary 
enclosed volume (54) to introduce a portion of the fluid streams from two separate fluid 

15 paths into a single flow path. The stationary enclosed volume (54) can hold an amount of 
liquid of less than about two microliters with respect to certain embodiments of the 
invention, and the rotatable enclosed volumes (55) that align with the stationary enclosed 
volume (54) can hold about one to about five microliters of liquid. As can be understood 
from Figure 1 1 , a first flow path (56) can be selectably engaged and a fluid stream 

20 comprising material (1) be sequestered in a first rotatable enclosed volume (55), while 
simultaneously, a second flow path (57) can be selectably engaged and a fluid stream 
comprising a reagent (or any type of material or fluid conformably flowable in the flow 
path) can be sequestered in a second rotatably enclosed volume (55). By rotating the 
rotatable surface (42) both of the rotatable enclosed volumes (55) can be aligned with the 

25 stationary enclosed volume (54). The two sequestered portions of the first fluid stream 
and the second fluid stream can then be conjoined into a common fluid stream (58). As 
illustrated by Figures 1 1 and 12, the two sequestered portions of the first fluid path and 
the second fluid path can be conjoined either by flowing a fluid stream to a the stationary 
enclosed volume and then through the two separate rotatable enclosed volumes to a T- 
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fitting (as shown in Figure 1 1), or alternately by flowing a separate fluid streams to each 
of the two rotatable enclosed volumes and having the two streams conjoin at location 
along the stationary enclosed volume (54) as shown in Figure 12. 

5 As shown by Figure 13, plurality of stationary surface recess elements (53) can be 

configured to provide a plurality of stationary enclosed volumes (54). The embodiment 
of the invention shown by Figure 13 comprises three flow paths, a first engaged upon 
alignment of the stationary enclosed volume (54) with two rotatable enclosed volumes 
(55), a second engaged upon alignment of a third rotatable enclosed volume, and a third 
10 engaged upon alignment with a fourth rotatable enclosed volume. 

As shown by Figure 14, the rotatable enclosed volumes can be configured as three 
pairs, in a first position, a first rotatable enclosed volume (43) of the pair can sequester 
material (1) such as cells entrained in a liquid from a first fluid path while the second 

15 enclosed volume sequesters a reagent from a separate second fluid path. By rotating the 
pair of rotatable enclosed volumes to a second position, the first enclosed volume of the 
pair and the second enclosed volume of the pair align with a stationary enclosed volume. 
Importantly, non-diffusional turbulent mixing of the material (1) sequestered by first 
rotatable enclosed volume and the reagent sequestered by the second rotatable of the pair 

20 can occur in a limited volume fluid path (i.e. 20 microliters or less) over a desired 

duration of time. The duration of time can be less than one second if delivered directly to 
the material diflferentiation system, or the material (1) and the reagent can be incubated by 
reducing the pressure of the fluid streams to the first and the second rotatable enclosed 
volumes. Upon completion of the incubation period the pressure of the respective fluid 

25 streams can be increased to deliver the reacted material or product to the material 
differentiation system. It should be understood that the configuration of the pair of 
rotatable enclosed volumes aligned with the stationary enclosed volume as shown in 
Figure 16 allows a limited volume non-diffusional turbulent mixing of the two types of 
sequestered fluids in the conjoined fluid path (about 1 to 10 microliters). The invention 
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can further comprise rotatable enclosed volumes of different holding capacity, and can 
further comprise variably adjustable rates of introduction into the conjoined flow path 
(56) from each of the rotatable enclosed volumes (55). The variable adjustable rates of 
introduction from each rotatable enclosed volume (54) can be adjusted based upon real 
5 time analysis of the leading edge of reacted material by the material differentiation 
system. As such, the adjustable rate of introduction into the conjoined fluid stream (56) 
can respond differentially to a rate of product formation as determined at the interrogation 
point in the material differentiation system. 

10 In a third position the pair of rotatable enclosed volumes can be aligned with a 

pair of fluid streams to clear the rotatable enclosed of any residual material or reagents, or 
the like. 

It can be understood that any of the embodiments of the selectably engaged flow 
15 path inventions or fluid streaming methods illustrated by Figures 5-15, or combinations or 
permutations thereof, or that would be understood to be encompassed in the broad range 
of selectably engaged flow path inventions based upon the foregoing description along 
with any equivalents thereof, could be used in the material transfer invention illustrated 
by Figure 1 . With respect to the various material differentiation system applications that 
20 can utilize the invention, minor flow path modification could be made without undue 
experimentation. 

Now referring to Figures 17, 18 and 19, embodiments of the invention can 
comprise more than a single selectably engaged flow path, or can be accomplished with 
25 two four port fluid path switching valves (57)(58). Two four port fluid path switching 
valves with tubing placed between them can create a sample loop A (59) and a sample 
loop B (60). The two valves may be four-port valves with two operating positions. The 
input material (1) may be introduced by moving a stainless steel tube over and into a 
vessel of sample material or by using a material transfer system as described above. Any 
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amount of sample material (1) may be drawn into the sample loop as shown in Figure 16. 
Once the sample loop is full, the two valves may be switched as shown in FIG 17. At any 
time a cleaning state may be created for the sample loops by switching one of the valves 
as shown in FIG 18. 

5 

The discussion included in this PCT application is intended to serve as a basic 
description. The reader should be aware that the specific discussion may not explicitly 
describe all embodiments possible; many alternatives are implicit. It also may not fully 
explain the generic nature of the invention and may not explicitly show how each feature 

10 or element can actually be representative of a broader function or of a great variety of 
alternative or equivalent elements. Again, these are implicitly included in this disclosure. 
Where the invention is described in functionally-oriented terminology, each aspect of the 
function is accomplished by a device, subroutine, or program. Apparatus claims may not 
only be included for the devices described, but also method or process claims may be 

1 5 included to address the functions the invention and each element performs. Neither the 
description nor the terminology is intended to limit the scope of the claims which now be 
included. 

Further, each of the various elements of the invention and claims may also be 
20 achieved in a variety of manners. This disclosure should be understood to encompass 
each such variation, be it a variation of an embodiment of any apparatus embodiment, a 
method or process embodiment, or even merely a variation of any element of these. 
Particularly, it should be understood that as the disclosure relates to elements of the 
invention, the words for each element may be expressed by equivalent apparatus terms or 
25 method terms — even if only the function or result is the same. Such equivalent, broader, 
or even more generic terms should be considered to be encompassed in the description of 
each element or action. Such terms can be substituted where desired to make explicit the 
implicitly broad coverage to which this invention is entitled. As but one example, it 
should be understood that all actions may be expressed as a means for taking that action 
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or as an element which causes that action. Similarly, each physical element disclosed 
should be understood to encompass a disclosure of the action which that physical element 
facilitates. Regarding this last aspect, as but one example, the disclosure of a Adroplet 
separators should be understood to encompass disclosure of the act of Aseparating 
5 droplets@ — whether explicitly discussed or not — and, conversely, were there only 
disclosure of the act of Aconverting liquid-gas@, such a disclosure should be understood 
to encompass disclosure of a Adroplet separators and even a means for Aseparating 
dropletsS . Such changes and alternative terms are to be understood to be explicitly 
included in the description. 

10 

Additionally, the various combinations and permutations of all elements or 
applications can be created and presented. All can be done to optimize the design or 
performance in a specific application. 

1 5 Any acts of law, statutes, regulations, or rules mentioned in this application for 

patent: or patents, publications, or other references mentioned in this application for 
patent are hereby incorporated by reference. Specifically, United States Patent 
Application Nos. 60/267571, 60/239,752, and 60/203,089 are each hereby incorporated 
by reference herein including any figures or attachments, and each of references in the 

20 following table of references are hereby incorporated by reference. 
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In addition, as to each term used it should be understood that unless its utilization 
in this application is inconsistent with such interpretation, common dictionary definitions 
should be understood as incorporated for each term and all definitions, alternative terms, 
20 and synonyms such as contained in the Random House Webster's Unabridged Dictionary, 
second edition are hereby incorporated by reference. However, as to each of the above, to 
the extent that such information or statements incorporated by reference might be 
considered inconsistent with the patenting of this/these invention(s) such statements are 
expressly not to be considered as made by the applicant(s). 

25 

In addition, unless the context requires otherwise, it should be understood that the 
term Acomprise@ or variations such as AcomprisesS or Acomprising@, are intended to 
imply the inclusion of a stated element or step or group of elements or steps but not the 
exclusion of any other element or step or group of elements or steps. Such terms should 
30 be interpreted in their most expansive form so as to afford the applicant the broadest 
coverage legally permissible in countries such as Australia and the like. 



Thus, the applicant(s) should be understood to have support to claim at least: I) 
each of the liquid to gas conversion devices described herein, ii) the related methods 
35 disclosed and described, iii) similar, equivalent, and even implicit variations of each of 
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these devices and methods, iv) those alternative designs which accomplish each of the 
functions shown as are disclosed and described, v) those alternative designs and methods 
which accomplish each of the functions shown as are implicit to accomplish that which is 
disclosed and described, vi) each feature, component, and step shown as separate and 
5 independent inventions, vii) the applications enhanced by the various systems or 
components disclosed, viii) the resulting products produced by such systems or 
components, ix) methods and apparatuses substantially as described hereinbefore and 
with reference to any of the accompanying examples, and the x) the various combinations 
and permutations of each of the elements disclosed 

10 

In addition, unless the context requires otherwise, it should be understood that the 
term Acomprise@ or variations such as Acomprises@ or Acomprising@, are intended to 
imply the inclusion of a stated element or step or group of elements or steps but not the 
exclusion of any other element or step or group of elements or steps. Such terms should 
15 be interpreted in their most expansive form so as to afford the applicant the broadest 
coverage legally permissible in countries such as Australia and the like. 

The claims set forth in this specification below are hereby incorporated by 
reference as part of this description of the invention, and the applicant expressly reserves 

20 the right to use all of or a portion of such incorporated content of such claims as 

additional description to support any of or all of the claims or any element or component 
thereof, and the applicant further expressly reserves the right to move any portion of or all 
of the incorporated content of such claims or any element or component thereof from the 
description into the claims or vice-versa as necessary to define the matter for which 

25 protection is sought by this application or by any subsequent continuation, division, or 
continuation-in-part application thereof, or to obtain any benefit of, reduction in fees 
pursuant to, or to comply with the patent laws, rules, or regulations of any country or 
treaty, and such content incorporated by reference shall survive during the entire 
pendency of this application including any subsequent continuation, division, or 

29 
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continuation-in-part application thereof or any reissue or extension thereon. 



30 



WO 01/90295 



PCT7US01/16243 



VL CLAIMS 



We claim: 



5 1. A material transfer apparatus, comprising: 

a. at least one material having material location coordinates; 

b. a material locator system; 

c. a material transfer element responsive to said material locator system; 

d. a selectably engaged flow path responsive to said material transfer 
10 element; and 

e. a material differentiation system responsive to said selectably engaged 
flow path. 

2. A material transfer apparatus as described in claim 1, wherein said at least one 
1 5 material comprises a plurality of liquid samples. 

3. A material transfer apparatus as described in claim 2, further comprising cells 
entrained within said plurality of liquid samples. 

20 4. A material transfer apparatus as described in claim 3, further comprising a 

multiple welled tray, wherein each well of said multiple welled tray corresponds 
to one of said plurality of liquid samples each having material location 
coordinates. 



25 5. A material transfer apparatus as described in claim 4, wherein said material locator 
system comprises: 

a. a memory element having a programmable material location coordinates 
tracker function; and 

b. a tracker element responsive to said programmable material location 
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coordinate tracking function. 

6. A material transfer apparatus as described in claim 5, wherein said tracker element 
comprises a positionable material probe responsive to said programmable material 

5 location coordinate tracking function. 

7. A material transfer apparatus as described in claim 6, wherein said material 
transfer element comprises: 

a. a material interaction element responsive to said at least one material; 
10 b. a second selectably engaged flow path fluidicly coupled to said material 

interaction element; and 
c. a pressure differential generation element coupled to said selectably 

engaged flow path. 

15 8. A material transfer apparatus as described in claim 7, wherein said material 

differentiation system is selected from the group consisting of a flow cytometer, a 
chromatography a high pressure liquid chromatography and a mass spectrometer. 

9. A material transfer apparatus as described in claim 8, wherein said selectably 
20 engaged flow path comprises: 

a. a stationary surface; 

b. a rotational surface rotatably engaged to said stationary surface; 

c. a rotational surface recess element, wherein said a rotational surface 
rotatably engaged to said stationary surface define an enclosed volume, 

25 and wherein said enclosed volume rotatably aligns with a flow path. 

10. A material transfer apparatus as described in claim 9, further comprising a fluid 
stream within said first fluid path. 
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11. A material transfer apparatus as described in claim 10, further comprising a 
material within said first fluid stream. 

12. A material transfer apparatus as described in claim 11, wherein said material 
5 within said first fluid stream comprises entrained particles. 

13. A material transfer apparatus as described in claim 12, wherein said entrained 
particles comprise cells. 

10 14. A material transfer apparatus as described in claim 13, further comprising a 

portion of said first fluid stream sequestered in said at least one enclosed rotor 
volume. 

15. A material transfer apparatus as described in claim 14, further comprising a 
1 5 second pair of apertures, wherein said at least one enclosed rotor volume rotatably 

aligns with said second pair of apertures to engage a second flow path. 

- 1 6. A material transfer apparatus as described in claim 1 5, further comprising a 
second fluid stream within said second flow path. 

20 

17. A material transfer apparatus as described in claim 16, wherein said portion of 
said first fluid stream is introduced into said second fluid stream when said 
enclosed rotor volume rotatably aligned with said second pair of apertures. 

25 18. A material transfer apparatus as described in claim 17, wherein said second fluid 
stream exits said second fluid path at a target location within a particle 
differentiation system. 

19. A material transfer apparatus as described in claim 18, wherein said target location 
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comprises an aperture element of an injection tube and wherein said particle 
differentiation system comprises a flow cytometer. 

20. A material transfer apparatus as described in claim 19, further comprising a zone 
5 of interrogation. 

21 . A material transfer apparatus as described in claim 20, wherein said second fluid 
path from said at least one enclosed rotor volume to said injection tube has a 
volume of less than ten microliters. 

10 

22. A material transfer apparatus as described in claim 21, wherein said second fluid 
stream comprises a sheath fluid. 

23. A material transfer apparatus as described in claim 22, further comprising a third 
15 pair of apertures, wherein said at least one enclosed rotor volume rotatably aligns 

with said third pair of apertures to engage a third flow path. 

24. A material transfer apparatus as described in claim 23, further comprising a third 
fluid stream within said flow path. 

20 

25. A material transfer apparatus as described in claim 24, wherein said third fluid 
stream comprises a wash fluid. 

26. A material transfer apparatus as described in claim 25, wherein said at least one 
25 enclosed rotor volume serially engages said first flow path, said second flow path, 

and said third flow path. 

27. A material transfer apparatus as described in claim 26, wherein said rotor surface 
has a single direction of rotation. 
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28. A material transfer apparatus as described in claim 27, wherein said at least one 
enclosed rotor volume introduces said portion of said first fluid stream into said 
second fluid stream at a rate of one introduction per about one second to about one 
introduction per about five seconds. 

5 

29. A material transfer apparatus as described in claim 28, wherein said at least one 
enclosed rotor volume comprises a selectable volume between about one 
microliter to about five microliters. 

10 30. A method of transferring material, comprising the steps of: 

a. providing at least one material each of said at least one material having 
material location coordinates; 

b. locating said material at said material location coordinates; 

c. transferring said material from said location coordinates; 

15 d. selectably engaging a flow path responsive to said material; and 

e. differentiating materials in said flow path. 

31. A method of transferring material as described in claim 30, wherein said step of 
. providing at least one material having material location coordinates comprises 

20 providing a plurality of liquid materials. 

32. A method of transferring material as described in claim 31, further comprising the 
step of entraining cells in said plurality of liquid materials. 

25 33 . A method of transferring material as described in claim 32, further comprising the 
step of locating said plurality of liquid materials in a multiple welled tray, wherein 
each one of said plurality of liquid materials has a location in a corresponding one 
well of said multiple welled tray, and wherein each of said one well of said 
multiple welled tray has said material location coordinates. 
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34. A method of transferring material as described in claim 33, further comprising the 
steps of: 

a. programming a memory element with a location coordinates tracker 
function; and 

5 b. tracking said location coordinates in response to said location coordinates 

tracker function. 

35. A method of transferring material as described in claim 34, wherein said step of 
tracking said location coordinates in response to said location coordinates tracker 

10 function comprises positioning a material probe at a location corresponding to said 

material location coordinates in response to said location coordinates tracker 
function. 

36. A method of transferring material as described in claim 35, further comprising the 
15 steps of: 

a. interacting with said material at said location coordinates; 

b. selectably engaging a flow path fluidicly coupled to said material; 

c. generating a pressure differential in said flow path; and 

d. moving said material from said location coordinates within said flow path. 

20 

37. A method of transferring material as described in claim 36, wherein said step of 
selectably engaging a flow path responsive to said material comprises: 

a. providing a rotatable surface with at least one recess element; 

b. engaging a stationary surface with said rotatable surface to generate at least 
25 one enclosed rotatable volume; 

c. rotating said rotatable surface to engage said at least one rotatable enclosed 
volume with said flow path, (rotatably positioned able) 

38. A method of transferring material as described in claim 37, further comprising the 
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step of sequestering a portion of said material within said rotatable enclosed 
volume. 

39. A method of transferring material as described in claim 38, further comprising the 
5 step of rotating said rotatable surface to engage said at least one rotatable enclosed 

volume with a second flow path. 

40. A method of transferring material as described in claim 39, further comprising the 
step of flowing a second fluid stream within said second flow path. 

10 

41. A method of transferring material as described in claim 40, further comprising the 
step of introducing said portion of said material into said second fluid stream. 

42. A method of transferring material as described in claim 41, further comprising the 
15 step of delivering said portion of said material to a target location within a particle 

differentiation system. 

43. A method of transferring material as described in claim 42, wherein said step of 
delivering said portion of said first fluid stream to a target location within a 

20 particle differentiation system comprises ejecting said portion of said material 

from said second flow path into a flow cytometer nozzle. 

44. A method of transferring material as described in claim 43, further comprising the 
step of interrogating said particles entrained within said portion of said fluid 

25 stream. 

45. A method of transferring material as described in claim 44, further comprising the 
step of minimizing volume of said second fluid path between said enclosed 
rotation volume to said ejection location. 
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46. A method of transferring material as described in claim 45, wherein said step of 
minimizing volume of said second fluid path between said enclosed rotation 
volume to said ejection location comprises reducing said volume to between about 
1 microliter to about 10 microliters. 

5 

47. A method of transferring material as described in claim 46, further comprising the 
step of rotating said rotatable surface to engage said at least one rotatable enclosed 
volume with a third flow path. 

10 48. A method of transferring material as described in claim 47, further comprising the 
step of flowing a third fluid stream within said third flow path. 

49. A method of transferring material as described in claim 48, wherein said step of 
flowing a third fluid stream within said third flow path comprises flowing a wash 
fluid in said third flow path. 

15 

50. A method of transferring material as described in claim 49, further comprising the 
step of washing said rotatable enclosed volume. 

51. A method of transferring material as described in claim 50, further comprising the 
20 step of serially engaging said flow path, said second flow path, and said third flow 

path. 

52. A method of transferring material as described in claim 51, wherein said step of 
serially engaging said flow path, said second flow path, and said third flow path 

25 comprises rotating said rotatable surface in a single direction of rotation. 

53. A method of transferring material as described in claim 52, wherein said step of 
introducing said portion of said material into said second fluid stream comprises 
introducing said portion of said material into said second fluid stream at a rate of 
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one introduction per about 1 second to about one introduction per about five 
seconds. 



54. A selectably engaged flow path, comprising: 
5 a. a stationary surface; 

b. a rotational surface rotatably engaged to said stationary surface; 

c. at least one rotational surface recess element, wherein said at least one 
rotor surface recess element and said stationary surface define at least one 
enclosed rotor volume; and 

10 d. a first pair of apertures, wherein said at least one enclosed rotor volume 

rotatably aligns with said first pair of apertures to engage a first flow path. 



55. A selectably engaged flow path as described in claim 54, further comprising a 
fluid stream within said first fluid path. 

15 

56. A selectably engaged flow path as described in claim 55, further comprising a 
material within said first fluid stream, 

57. A selectably engaged flow path as described in claim 56, wherein said material 
20 within said first fluid stream comprises entrained particles. 

58. A selectably engaged flow path as described in claim 57, wherein said entrained 
particles comprise cells. 



25 59. A selectably engaged flow path as described in claim 54, further comprising a 
portion of said first fluid stream sequestered in said at least one enclosed rotor 
volume. 

60. A selectably engaged flow path as described in claim 59, further comprising a 



39 



WO 01/90295 



PCT/US01/16243 



second pair of apertures, wherein said at least one enclosed rotor volume rotatably 
aligns with said second pair of apertures to engage a second flow path. 

61 . A selectably engaged flow path as described in claim 60, further comprising a 
5 second fluid stream within said second flow path. 

62. A selectably engaged flow path as described in claim 61, wherein said portion of 
said first fluid stream is introduced into said second fluid stream when said 
enclosed rotor volume rotatably aligned with said second pair of apertures. 

10 

63. A selectably engaged flow path as described in claim 62, wherein said second 
fluid stream exits said second fluid path at a target location within a particle 
differentiation system. 

1 5 64. A selectably engaged flow path as described in claim 63, wherein said target 
location comprises an aperture element of an injection tube and wherein said 
particle differentiation system comprises a flow cytometer. 

65. A selectably engaged flow path as described in claim 64, further comprising a 
20 zone of interrogation. 

66. A selectably engaged flow path as described in claim 65, wherein said second 
fluid path from said at least one enclosed rotor volume to said injection tube has a 
volume of less than ten microliters. 

25 

67. A selectably engaged flow path as described in claim 66, wherein said second 
fluid stream comprises a sheath fluid. 

68. A selectably engaged flow path as described in claim 67, further comprising a 



40 



WO 01/90295 



PCT/US01/16243 



third pair of apertures, wherein said at least one enclosed rotor volume rotatably 
aligns with said third pair of apertures to engage a third flow path. 

69. A selectably engaged flow path as described in claim 68, further comprising a 
5 third fluid stream within said flow path. 

70. A selectably engaged flow path as described in claim 70, wherein said third fluid 
stream comprises a wash fluid. 

10 71 . A selectably engaged flow path as described in claim 70, wherein said at least one 
enclosed rotor volume serially engages said first flow path, said second flow path, 
and said third flow path. 

72. A selectably engaged flow path as described in claim 71, wherein said rotor 
1 5 surface has a single direction of rotation. 

73. A selectably engaged flow path as described in claim 72, wherein said at least one 
enclosed rotor volume introduces said portion of said first fluid stream into said 
second fluid stream at a rate of one introduction per about one second to about one 

20 introduction per about five seconds. 

74. A selectably engaged flow path as described in claim 73, wherein said at least one 
enclosed rotor volume comprises a selectable volume between about one 
microliter to about five microliters. 

25 

75. A method of selectably engaging a flow path, comprising the steps of: 

a. providing a rotatable surface with at least one recess element; 

b. engaging a stationary surface with said rotatable surface to generate at least 
one enclosed rotatable volume; 
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d. perforating said stationary surface with at least one pair of aperture 
elements; 

e. rotating wherein said at least one enclosed volume rotatably aligns with 
said at least one pair of apertures to selectably engage a first fluid path. 

5 

76. A method of selectably engaging a flow path as described in claim 75, further 
comprising the step of flowing a fluid stream within said at least one fluid path. 

77. A method of selectably engaging a flow path as described in claim 76, further 
1 0 comprising the step of entraining particles within said fluid stream. 

78. A method of selectably engaging a flow path as described in claim 77, wherein 
said step of entraining particles within said fluid stream comprises entraining cells 
within said fluid stream. 

15 

79. A method of selectably engaging a flow path as described in claim 75, further 
comprising the step of sequestering a portion of said fluid stream within said 
enclosed rotational volume. 

20 80. A method of selectably engaging a flow path as described in claim 79, further 
comprising the step of perforating said stationary surface with a second pair of 
aperture elements. 

81. A method of selectably engaging a flow path as described in claim 80, further 
25 comprising the step of aligning said at least one enclosed rotation volume with 

said second pair of aperture elements to engage a second flow path. 

82. A method of selectably engaging a flow path as described in claim 81, further 
comprising the step of flowing a second fluid stream within said second flow path. 
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83. A method of selectably engaging a flow path as described in claim 82, further 

comprising the step of introducing said portion of said first fluid stream into said 
second fluid stream. 

5 84. A method of selectably engaging a flow path as described in claim 83, further 

comprising the step of delivering said portion of said first fluid stream to a target 
location within a particle differentiation system. 

85 . A method of selectably engaging a flow path as described in claim 84, wherein 
1 0 said step of delivering said portion of said first fluid stream to a target location 

within a particle differentiation system comprises injecting said portion of said 
fluid stream into a flow cytometer from an injector aperture. 

86. A method of selectably engaging a flow path as described in claim 85, further 

1 5 comprising the step of interrogating said particles entrained within said portion of 

said fluid stream. 

87. A method of selectably engaging a flow path as described in claim 86, further 
comprising the step of minimizing volume of said second fluid path between said 

20 enclosed rotation volume to said injector aperture. 

88. A method of selectably engaging a flow path as described in claim 87, wherein 
said step of minimizing said volume of said second fluid path between said 
enclosed rotation volume to said injector aperture comprises reducing said volume 
of said second fluid path to between about 1 microliter to about 1 0 microliters. 

25 

89. A method of selectably engaging a flow path as described in claim 88, further 
comprising the step of aligning said at least one enclosed rotation volume with a 
third pair of aperture elements to engage a third flow path. 
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90. A method of selectably engaging a flow path as described in claim 89, further 
comprising the step of flowing a third fluid stream within said third flow path. 

91 . A method of selectably engaging a flow path as described in claim 90, wherein 
5 said step of flowing a third fluid stream within said third flow path comprises 

flowing a wash fluid in said third flow path. 

92. A method of selectably engaging a flow path as described in claim 91, further 
comprising the step of washing said enclosed rotation volume. 

10 

93. A method of selectably engaging a flow path as described in claim 92, further 
comprising the step of serially engaging said first flow path, said second flow 
path, and said third flow path. 

1 5 94. A method of selectably engaging a flow path as described in claim 93, wherein 
said step of serially engaging said first flow path, said second flow path, and said 
third flow path comprises rotating said rotatable surface in a single direction of 
rotation. 

20 95. A method of selectably engaging a flow path as described in claim 94, wherein 

said step of introducing said portion of said first fluid stream into said second fluid 
stream comprises introducing said portion of said first fluid stream into said 
second fluid stream at a rate of one introduction per about 1 second to about one 
introduction per about five seconds. 



25 



96. A selectably engaged flow path, comprising: 
a. a stationary surface; 

a. a rotatable surface having at least one pair of rotatable surface recess 

elements, wherein said at least one pair of rotatable surface recess elements 
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and said stationary surface define at least one pair of rotatable enclosed 
volumes; and 

d. at least one stationary surface recess element, wherein said at least one 

stationary surface recess element and said rotational surface define at least 
5 one stationary enclosed volume, and wherein said at least one pair of 

enclosed rotor volumes rotatably align with said stationary enclosed 
volume. 

97. A selectably engaged flow path as described in claim 96, further comprising a 

10 fluid path engaged when said at least one pair of rotatable enclosed volumes align 

with said stationary enclosed volume. 

98. A selectably engaged flow path as described in claim 97, further comprising a 
fluid stream within said fluid path. 

15 

99. A selectably engaged flow path as described in claim 98, wherein said stationary 
enclosed volume holds an amount of liquid of less than about two microliters. 

1 00. A selectably engaged flow path as described in claim 99, wherein a first rotatable 
20 enclosed volume of said at least one pair of rotatable enclosed volumes holds an 

amount of liquid between about 1 microliter to about 5 microliters. 

101 . A selectably engaged flow path as described in claim 100, wherein a second 
rotatable enclosed volume of said at least one pair of rotatable enclosed volumes 

25 holds an amount of liquid between about 1 microliter to about 5 microliters of 

liquid. 

102. A selectably engaged flow path as described in claim 101, wherein said first 
rotatable enclosed volume holds a different amount of liquid than said second 
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rotatable enclosed volume. 

103. A selectably engaged flow path as described in claim 102, wherein said amount of 
liquid held by said first rotatable enclosed volume has a variably adjustable rate of 
5 introduction into said fluid stream. 



104. A selectably engaged flow path as described in claim 103,wherein said amount of 
liquid held by said second rotatable enclosed volume has a variably adjustable rate 
of introduction into said fluid stream. 

10 

105. A selectably engaged flow path as described in claim 1 04, further comprising cells 
entrained in said amount of liquid held by said first rotatable enclosed volume. 

106. A selectably engaged flow path as described in claim 105, further comprising cells 
1 5 entrained in said amount of liquid held by said second rotatable enclosed volume. 

107. A selectably engaged flow path as described in claim 106, further comprising at 
least one material entrained in said amount of liquid held by said first rotatable 
enclosed volume. 

20 

108. A selectably engaged flow path as described in claim 107, further comprising at 
least one material entrained in said amount of liquid held by said second rotatable 
enclosed volume. 



25 109. A selectably engaged flow path as described in claim 108, wherein said material 
entrained in said amount of liquid and said cells entrained in said volume of liquid 
form a product when mixed. 

110. A selectably engaged flow path as described in claim 1 09, wherein said variably 
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adjustable rate of introduction into said fluid stream responds differentially to an 
amount of product formed between said material and said cells. 

111. A selectably engaged flow path as described in claim 110, wherein said variably 
5 adjustable rate of introduction into said fluid stream responds differentially to a 

rate of said product formation. 

112. A selectably engaged flow path as described in claim 111, further comprising a 
second fluid path rotatably engaged by said at least one pair of rotatable enclosed 

10 volumes. 

113. A selectably engaged flow path as described in claim 1 12, further comprising a 
third fluid path rotatably engaged by said at least one pair of rotatable enclosed 
volumes. 

15 

1 14. A selectably engaged flow path as described in claim 113, wherein a first of said 
pair of enclosed rotor volumes and a second of said pair of enclosed rotor volumes 
rotatably engage separate fluid paths. 

20 115. A selectably engaged flow path as described in claim 1 14, wherein said separate 
fluid streams comprise a first separate fluid path fluidicly coupled to a sample 
transfer element and a second stream fluidicly coupled to a material source. 

1 16. A selectably engaged flow path as described in claim 115, wherein said separate 
25 fluid streams comprise a first separate fluid path fluidicly coupled to a material 

source and a second separate fluid path fluidicly coupled to a material source. 

117. A method of selectably engaging a flow path, comprising the steps of: 
a. sequestering an amount of a first material; 
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b. sequestering an amount of a second material; 

c. fluidicly coupling said amount of said first material and said amount of 
said second material to a fluid stream; 

d. introducing said first material into said fluid stream at a first location; 
5 e. introducing said second material into said fluid stream at a second 

location; 

f. entraining said first material and said second material within said fluid 
stream; and 

g. mixing said amount of said first material with said amount of said second 
1 0 material to a substantially homogeneous mixture in a fluid path having a 

volume of less than five microliters. 

118. A method of selectably engaging a flow path as described in claim 1 1 7, wherein 
said step of sequestering said amount of said first material comprises sequestering 

15 a volume of a first fluid. 

119. A method of selectably engaging a flow path as described in claim 118, wherein 
said step of sequestering said amount of said second material comprises 
sequestering a volume of a second fluid. 

20 

120. A method of selectably engaging a flow path as described in claim 1 19, wherein 
said step of sequestering a volume of a first fluid further comprises the step of 
entraining particles within said volume of said first fluid. 

25 121 . A method of selectably engaging a flow path as described in claim 120, wherein 
said step of sequestering a volume of a second fluid further comprises the step of 
entraining particles within said volume of said second fluid. 

122. A method of selectably engaging a flow path as described in claim 121, wherein 
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said step of entraining particles within said volume of said first fluid comprises 
entraining cells. 

123. A method of selectably engaging a flow path as described in claim 122, wherein 

5 said step of entraining particles within said volume of said second fluid comprises 

entraining cells. 

124. A method of selectably engaging a flow path as described in claim 123, further 
comprising the step of transporting said substantially homogenous mixture to a 

10 particle analysis system. 

125. A method of selectably engaging a flow path as described in claim 124, further 
comprising the step of pressurizing said fluid stream between about 50 pounds per 
square inch to about 150 pounds per square inch. 

15 

126. A method of selectably engaging a flow path as described in claim 125, wherein 
said step of mixing said first material with said second material to a substantially 
homogeneous mixture prior to exiting said fluid path comprises mixing a particle 
labeling material with said particles. 

20 

127. A method of selectably engaging a flow path as described in claim 126, wherein 
said step of sequestering an amount of a first material comprises sequestering a 
volume of between about one microliter to about five microliters. 



25 128. A method of selectably engaging a flow path as described in claim 127, wherein 
said step of sequestering an amount of a second material comprises sequestering a 
volume of between about one microliter to about five microliters. 

129. A method of selectably engaging a flow path as described in claim 128, wherein 
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said step of sequestering an amount of a first material comprises sequestering a 
different amount of said first material than said second material. 

130. A method of selectably engaging a flow path as described in claim 129, wherein 
5 said step of sequestering an amount of a first material and said step of sequestering 

an amount of a second material further comprise the steps of: 

a. providing a rotatable surface having at least a first recess element and a 
second recess element; 

b. engaging a stationary surface with said rotatable surface to generate said 
10 first enclosed volume and said second enclosed volume; 

c. rotating said rotatable surface; 

d. aligning said first enclosed volume a first flow path; and 

e. aligning said second enclosed volume with a second flow path. 

15 131. A method of selectably engaging a flow path as described in claim 130, further 
comprising the step of providing at least one stationary surface recess element, 
wherein said at least one stationary surface recess element and said rotatable 
* surface define at least one enclosed stationary volume, and wherein said first 

enclosed volume and said second enclosed volume rotatably align with said 

20 stationary surface recess element. 

132. A method of selectably engaging a flow path as described in claim 131, further 
comprising the steps of: 

a. aligning said first enclosed volume with a third flow path; and 
25 b. aligning said second enclosed volume with a fourth path. 

133. A method of selectably engaging a flow path as described in claim 132, further 
comprising the steps of: 

a. flowing a third fluid stream within said third flow path; and 
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b. flowing a fourth fluid stream within said fourth flow path. 

134. A method of selectably engaging a flow path as described in claim 133, wherein 
said third fluid stream and said fourth fluid stream comprise a cleaning fluid. 

5 

135. A method of selectably engaging a flow path as described in claim 134, further 
comprising the steps of: 

a. cleaning said first enclosed volume; and 

b. cleaning said second enclosed volume. 

10 

136. A method of selectably engaging a flow path as described in claim 135, further 
comprising the steps of: 

a. engaging said first enclosed volume with said third fluid path and said 
second enclosed volume with said fourth fluid path substantially 

1 5 simultaneously; 

b. rotating said rotation surface with respect to said stationary surface to 
engage said first enclosed volume with said first fluid path and said second 
enclosed volume with said second fluid path substantially simultaneously; 
and 

20 c. rotating said rotation surface with respect to said stationary surface to 

engage said first enclosed volume and said second enclosed volume with 
said at least one stationary surface recess element. 

137. A method of selectably engaging a flow path as described in claim 136, further 
25 comprising the step of rotating said rotation surface in a single direction of 

rotation. 
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AMENDED CLAIMS 

[received by the Internationa] Bureau on 22 October 2001 (22.10.01); 
original claims 1-4, 7, 8, 10-13, 18-26, 28-36, 39-51, 53-71, 73-110 and 112-137 amended; 
new claim 138 added; remaining claims unchanged (19 pages)] 

We claim: 

1 . A material transfer apparatus, comprising: 

a. at least one material having material location coordinates; 

b. a material locator system having programmably operable movement with 
respect to said material location coordinates; 

c. a material probe having a material interaction element responsive to said at 
least one material; 

d. a material transfer element fluidicly coupled to said material probe; and 

e. a selectably engaged flow path, wherein said selectably engaged flow path can 
be fluidicly coupled to said material transfer element and to said material 
interaction element, and wherein said selectably engaged flow path further 
comprises; 

i. a stationary surface; 

ii. a rotational surface rotatably engaged to said stationary surface; 

iii. a rotational surface recess element, wherein said rotational surface 
rotatably engaged to said stationary surface defines an enclosed 
volume, and wherein said enclosed volume rotatably aligns to engage 
said first selectably engaged flow path, and wherein said rotor surface 
has a single direction of rotation, whereby said at least one material 
can be transferred from said location coordinates to said enclosed 
volume. 

2. A material transfer apparatus as described in claim 1, wherein said at least one 
material comprises a plurality of liquid samples. 

3. A material transfer apparatus as described in claim 2, further comprising cells 
entrained within said plurality of liquid samples. 
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4. A material transfer apparatus as described in claim 3, further comprising a multiple 
welled tray, wherein each well of said multiple welled tray corresponds to one of said 
plurality of liquid samples each having material location coordinates, 

7. A material transfer apparatus as described in claim 1, further comprising: 

a. a second selectably engaged flow path, wherein said enclosed rotor volume 
rotatably aligns to engage said second selectably engaged flow path. 

8. A material transfer apparatus as described in claim 7, further comprising a material 
differentiation system fluidicly coupled to said second selectably engaged flow path 
selected from the group consisting of a flow cytometer, a chromatograph, a high 
pressure liquid chromatograph, and a mass spectrometer. 

10. A material transfer apparatus as described in claim 8, further comprising a fluid 
stream within said second selectably engaged flow path. 

11. A material transfer apparatus as described in claim 10, further comprising a material 
within said fluid stream. 

12. A material transfer apparatus as described in claim 1 1, wherein said material within 
said first fluid stream comprises entrained particles. 

13. A material transfer apparatus as described in claim 12, wherein said entrained 
particles comprise cells. 

18. A material transfer apparatus as described in claim 10, wherein said fluid stream exits 
from said second selectably engaged fluid path at a target location within said particle 
differentiation system. 
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19. A material transfer apparatus as described in claim 18, wherein said target location 
comprises an aperture element of an injection tube and wherein said particle 
differentiation system comprises a flow cytometer. 

20. A material transfer apparatus as described in claim 19, further comprising a zone of 
interrogation. 

.21. A material transfer apparatus as described in claim 20, wherein said second selectably 
engaged fluid path including the volume of said at least one enclosed rotor volume 
and said second selectably engaged fluid path from said one enclosed rotor volume to 
said aperture element of said injection tube has a volume often microliters or less. 

22. A material transfer apparatus as described in claim 21, wherein said second fluid 
stream comprises a sheath fluid. 

23 . A material transfer apparatus as described in claim 22, further comprising a third 
selectably engaged flow path. 

24. A material transfer apparatus as described in claim 23, further comprising a fluid 
stream within said third selectably engaged flow path. 

25 . A material transfer apparatus as described in claim 24, wherein said fluid-, stream 
within said third selectably engaged flow path comprises a wash fluid. 

26. A material transfer apparatus as described in claim 25, wherein said enclosed volume 
serially engages said first selectably engaged flow path, said second selectably 
engaged flow path, and said third selectably engaged flow path. 

28. A material transfer apparatus as described in claim 1, wherein said at least one 

material is transferred to said enclosed volume at a rate of one transfer per about one- 
half second to about one introduction per about five seconds. 
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29. A material transfer apparatus as described in claim 28, wherein said enclosed volume 
comprises a selectable volume between about one microliter to about five microliters. 

30. A method of transferring material, comprising the steps of: 

a. providing at least one material having material location coordinates; 

b. locating said said at least one material at said material location coordinates; 

c. selectably engaging a flow path responsive to said material ,wherein 
selectably engaging said flow path comprises: 

i. establishing an enclosed volume between a stationary surface and a 
rotational surface rotatably engaged with said stationary surface; and 

ii. rotating said enclosed volume to engage said flow path, wherein said 
enclosed volume has one direction of rotation; and 

d. transferring said material from said location coordinates to said enclosed 
volume. 

31. A method of transferring material as described in claim 30, wherein said step of 
providing at least one material having material location coordinates comprises 
providing a plurality of liquid materials. 

32. A method of transferring material as described in claim 3 1 , further comprising the 
step of entraining cells in said plurality of liquid materials. 

33. A method of transferring material as described in claim 32, further comprising the 
step of locating said plurality of liquid materials in a multiple welled tray, wherein 
each one of said plurality of liquid materials has a location in single corresponding 
well of said multiple welled tray, and wherein each said single corresponding well of 
said multiple welled tray has a corresponding one of said material location 
coordinates. 

34. A method of transferring material as described in claim 33, further comprising the 
steps of: 
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a. programming a memory element with a location coordinates tracker function; 
and 

b. tracking said location coordinates in response to said location coordinates 
tracker function. 

35. A method of transferring material as described in claim 34, wherein said step of 
tracking said location coordinates in response to said location coordinates tracker 
function comprises positioning a material probe at a location corresponding to said 
material location coordinates in response to said location coordinates tracker function. 

36. A method of transferring material as described in claim 35, further comprising the 
steps of: 

a. interacting with said material at said material location coordinates; 

b. generating a pressure differential in said flow path; and 

c. transferring said material from said location coordinates within said flow path 
to said enclosed volume. 

39. A method of transferring material as described in claim 36, further comprising the 
step of rotating said rotatable surface to engage said at least one enclosed volume 
with a second selectably engaged flow path. 

40. A method of transferring material as described in claim 39, further comprising the 
step of flowing a fluid stream within said second selectably engaged flow path. 

41 . A method of transferring material as described in claim 40, further comprising the 
step of introducing said said material in said enclosed volume into said fluid stream 
within said second selectably engaged flow path. 

42. A method of transferring material as described in claim 41, further comprising the 
step of delivering said material introduced into said fluid stream to a target location 
within a particle differentiation system. 
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43. A method of transferring material as described in claim 42, wherein said step of 
delivering said material introduced into said fluid stream to a target location within a 
particle differentiation system comprises ejecting said said material from said second 
flow path into a flow cytometer nozzle. 

44. A method of transferring material as described in claim 43, further comprising the 
step of interrogating said particles entrained within said said fluid stream. 

45. A method of transferring material as described in claim 44, further comprising the 
step of minimizing volume of said fluid stream defined by said enclosed volume and 
the portion of said second fluid path between said enclosed volume to said ejection 
location. 

46. A method of transferring material as described in claim 45, wherein said step of 
minimizing volume of said fluid stream defined by said enclosed volume and the 
portion of said second fluid path between said enclosed volume to said ejection 
location comprises reducing said volume to between about 1 microliter to about 10 
microliters. 

47. A method of transferring material as described in claim 46, further comprising the 
step of rotating said rotatable surface to engage said enclosed volume with a third 
flow path. 

48. A method of transferring material as described in claim 47, further comprising the 
step of flowing a fluid stream within said third flow path. 

49. A method of transferring material as described in claim 48, wherein said step of 
flowing a fluid stream within said third flow path comprises flowing a wash fluid in 
said third flow path. 
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50. A method of transferring material as described in claim 49, further comprising the 
step of washing said enclosed volume. 

51. A method of ti^sferring material as described in claim 50, further comprising the 
step of serially engaging said flow path, said second flow path, and said third flow 
path. 

53. A method of transferring material as described in claim 51, wherein said step of 
introducing said material within said enclosed volume into said second fluid stream 
comprises introducing said material within said enclosed volume into said second 
fluid stream at a rate of one introduction per about one-half second to about one 
introduction per about five seconds. 

54. A selectably engaged flow path, comprising: 

a. a stationary surface; 

b. a rotational surface rotationally engaged to said stationary surface; 

c. at least one rotational surface recess element, wherein said at least one rotor 
surface recess element and said stationary surface define at least one enclosed 
volume, and wherein said enclosed volume rotationally engages a flow path, 
and wherein said rotor surface has a single direction of rotation . 

55. A selectably engaged flow path as described in claim 54, further comprising a fluid 
stream within said selectably engaged fluid path. 

56. A selectably engaged flow path as described in claim 55, further comprising a 
material within said fluid stream. 

57. A selectably engaged flow path as described in claim 56, wherein said material within 
said fluid stream comprises entrained particles. 
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58. A selectably engaged flow path as described in claim 57, wherein said entrained 
particles comprise cells. 

59. A selectably engaged flow path as described in claim 54, further comprising a portion 
of said fluid stream sequestered in said at least one enclosed volume. 

60. A selectably engaged flow path as described in claim 59, further comprising a second 
selectably engaged flow path. 

61 . A selectably engaged flow path as described in claim 60, further comprising a second 
fluid stream within said second selectably engaged flow path. 

62. A selectably engaged flow path as described in claim 61, wherein said portion of said 
first fluid stream is introduced into said second fluid stream when said enclosed 
volume is rotatably aligned with said second selectably engaged fluid path. 

63 . A selectably engaged flow path as described in claim 62, wherein said second fluid 
stream exits said second selectably engaged fluid path at a target location within a 
particle differentiation system. 

64. A selectably engaged flow path as described in claim 63, wherein said target location 
comprises an aperture element of an injection tube and wherein said particle 
differentiation system comprises a flow cytometer. 

65. A selectably engaged flow path as described in claim 64, further comprising a zone of 
interrogation. 

66. A selectably engaged flow path as described in claim 65, wherein said second 
selectably engaged fluid path including the volume of said enclosed volume and the 
volume of said second fluid path from said enclosed volume to an aperture element of 
said injection tube has a volume of less than ten microliters. 
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67. A selectably engaged flow path as described in claim 66, wherein said second fluid 
stream comprises a sheath fluid. 

68. A selectably engaged flow path as described in claim 67, further comprising a third 
selectably engaged flow path. 

69. A selectably engaged flow path as described in claim 68, further comprising a third 
fluid stream within said third selectably engaged flow path. 

70. A selectably engaged flow path as described in claim 69, wherein said third fluid 
stream comprises a wash fluid. 

71. A selectably engaged flow path as described in claim 70, wherein said at least one 
enclosed volume serially engages said flow path, said second flow path, and said third 
flow path. 

73. A selectably engaged flow path as described in claim 71, wherein said at least one 
enclosed volume introduces said portion of said first fluid stream into said second 
fluid stream at a rate of one introduction per about one second to about one 
introduction per about five seconds. 

74. A selectably engaged flow path as described in claim 73, wherein said at least one 
enclosed volume comprises a selectable volume between about one microliter to 
about five microliters. 

75. A method of selectably engaging a flow path, comprising the steps of: 

a. providing a rotation surface having at least one recess element; 

b. engaging a stationary surface with said rotation surface to generate at least one 
enclosed volume; 

c. rotating said rotation surface to selectably engage a flow path, wherein said 
rotation surface has one direction of rotation: 
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76. A method of selectably engaging a flow path as described in claim 75, further 
comprising the step of establishing a fluid stream within said flow path. . 

77. A method of selectably engaging a flow path as described in claim 76, further 
comprising the step of entraining particles within said fluid stream. 

78. A method of selectably engaging a flow path as described in claim 77, wherein said 
step of entraining particles within said fluid stream comprises entraining cells within 
said fluid stream. 

79. A method of selectably engaging a flow path as described in claim 75, further 
comprising the step of sequestering a portion of said fluid stream within said enclosed 
volume. 

80. A method of selectably engaging a flow path as described in claim 79, further 
comprising providing a second flow path. 

81. A method of selectably engaging a flow path as described in claim 80, further 
comprising the step rotating said rotation surface to selectably engage said second 
flow path. 

82. A method of selectably engaging a flow path as described in claim 81, further 
comprising the step of establishing a second fluid stream within said second flow 
path. 

83. A method of selectably engaging a flow path as described in claim 82, further 
comprising the step of introducing said portion of said fluid stream into said second 
fluid stream. 
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84. A method of selectably engaging a flow path as described in claim 83, further 
comprising the step of delivering said portion of said first fluid stream to a target 
location within a particle differentiation system. 

85. A method of selectably engaging a flow path as described in claim 84, wherein said 
step of delivering said portion of said first fluid stream to a target location within a 
particle differentiation system comprises injecting said portion of said fluid stream 
into a flow cytometer from an injector aperture. 

86. A method of selectably engaging a flow path as described in claim 85, further 
comprising the step of interrogating said particles entrained within said portion of 
said fluid stream. 

87. A method of selectably engaging a flow path as described in claim 86, further 
comprising the step of minimizing volume of said second fluid path including the 
volume of said enclosed volume and the volume of said second flow path between 
said enclosed rotation volume and said injector aperture. 

88. A method of selectably engaging a flow path as described in claim 87, wherein said 
step of minimizing volume of said second fluid path including the volume of said 
enclosed volume and the volume of said second flow path between said enclosed 
rotation volume and said injector aperture comprises reducing said volume of said 
second fluid path to a volume of between about 1 microliter to about 10 microliters. 

89. A method of selectably engaging a flow path as described in claim 88, further 
comprising the step of providing a third flow path, and further comprising the step of 
rotating said rotation surface to selectably engage said third flow path. 

90. A method of selectably engaging a flow path as described in claim 89, further 
comprising the step of establishing a third fluid stream within said third flow path. 
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91. A method of selectably engaging a flow path as described in claim 90, wherein said 
step of flowing a third fluid stream within said third flow path comprises flowing a 
wash fluid in said third flow path. 

92. A method of selectably engaging a flow path as described in claim 91, further 
comprising the step of washing said enclosed volume. 

93. A method of selectably engaging a flow path as described in claim 92, further 
comprising the step of serially engaging said first flow path, said second flow path, 
and said third flow path. 

94. - A method of selectably engaging a flow path as described in claim 93, wherein said 

step of serially engaging said first flow path, said second flow path, and said third 
flow path comprises rotating said rotation surface in a single direction of rotation. 

95. A method of selectably engaging a flow path as described in claim 94, wherein said 
step of introducing said portion of said first fluid stream into said second fluid stream 
comprises introducing said portion of said first fluid stream into said second fluid 
stream at a rate of one introduction per about one-half second to about one 
introduction per about five seconds. 

96. A selectably engaged flow path, comprising; 
a. a stationary surface; 

a. a rotation surface having at least one pair of rotation surface recess elements, 
wherein said at least one pair of rotation surface recess elements and said 
stationary surface define at least one pair of enclosed rotor volumes; and 

d. at least one stationary surface recess element, wherein said at least one 

stationary surface recess element and said rotation surface define at least one 
stationary enclosed volume, and wherein said at least one pair of enclosed 
rotor volumes rotationally align with said stationary enclosed volume. 
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97. A selectably engaged flow path as described in claim 96, further comprising a flow 
path, wherein said flow path is engaged when said at least one pair of enclosed rotor 
volumes align with said stationary enclosed volume. 

98. A selectably engaged flow path as described in claim 97, further comprising a fluid 
stream within said flow path. 

99. A selectably engaged flow path as described in claim 98, wherein said stationary 
enclosed volume holds an amount of liquid of less than about two microliters. 

100. A selectably engaged flow path as described in claim 99, wherein the volume of a 
first enclosed rotor volume of said at least one pair of enclosed rotor volumes is 
between about 1 microliter to about 5 microliters. 

101. A selectably engaged flow path as described in claim 100, wherein the volume of a 
second enclosed rotor volume of said at least one pair of enclosed rotor volumes is 
between about 1 microliter to about 5 microliters of liquid. 

102. A selectably engaged flow path as described in claim 101, wherein the volume of 
said first enclosed rotor volume is different than the volume of said second enclosed 
rotor volume. 

103. A selectably engaged flow path as described in claim 102, wherein liquid held within 
said first enclosed rotor volume has a variably adjustable rate of introduction into said 
fluid stream. 

104. A selectably engaged flow path as described in claim 103,wherein liquid held within 
said second enclosed rotor volume has a variably adjustable rate of introduction into 
said fluid stream. 
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105. A selectably engaged flow path as described in claim 104, further comprising cells 
entrained in said liquid held within said first enclosed rotor volume. 

106. A selectably engaged flow path as described in claim 105, further comprising cells 
entrained in said liquid held within said second enclosed rotor volume. 

107. A selectably engaged flow path as described in claim 106, further comprising at least 
one material entrained in said amount of liquid held by said first rotatable enclosed 
volume. 

108. A selectably engaged flow path as described in claim 107, further comprising at least 
one material entrained in said liquid held by said second enclosed rotor volume. 

109. A selectably engaged flow path as described in claim 108, wherein said material 
entrained in said liquid and said cells entrained in said liquid form a product when 
mixed. 

110. A selectably engaged flow path as described in claim 109, wherein said variably 
adjustable rate of introduction into said fluid stream responds differentially to an 
amount of product formed between said material and said cells. 

112. A selectably engaged flow path as described in claim 110, further comprising a 
second flow path, wherein said second flow path is engaged when said at least one 
pair of enclosed rotor volumes align with said second flow path. 

113. A selectably engaged flow path as described in claim 112, further comprising a third 
flow path, wherein said third flow path is engaged when said at least one pair of 
enclosed rotor volumes align with said third flow path. 
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1 14. A selectably engaged flow path as described in claim 1 10, wherein a first of said pair 
of enclosed rotor volumes and a second of said pair of enclosed rotor volumes engage 
separate fluid paths. 

115. A selectably engaged flow path as described in claim 1 14, wherein said separate fluid 
paths comprise a first separate fluid path fluidicly coupled to a material transfer 
element and a second separate fluid path fluidicly coupled to a second material 
source. 

116. A selectably engaged flow path as described in claim 114, wherein said separate fluid 
streams comprise a first separate fluid path fluidicly coupled to a second material 
source and a second separate fluid path fluidicly coupled to a material material 
transfer element. 

117. A method of selectably engaging a flow path, comprising the steps of: 

a. sequestering an amount of a first material; 

b. sequestering an amount of a second material; 

c. fluidicly coupling said amount of said first material and said amount of said 
second material to a fluid stream; 

d. introducing said first material into said fluid stream at a first location; 

e. introducing said second material into said fluid stream at a second location; 

f. entraining said first material and said second material within said fluid stream; 
and 

g. mixing said amount of said first material with said amount of said second 
material to a substantially homogeneous mixture in a fluid path having a 
volume of less than five microliters. 

118. A method of selectably engaging a flow path as described in claim 117, wherein said 
step of sequestering said amount of said first material comprises sequestering a 
volume of a first fluid. 
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119. A method of selectably engaging a flow path as described in claim 118, wherein said 
step of sequestering said amount of said second material comprises sequestering a 
volume of a second fluid. 

120. A method of selectably engaging a flow path as described in claim 119, wherein said 
step of sequestering a volume of a first fluid further comprises the step of entraining 
particles within said volume of said first fluid. 

121. A method of selectably engaging a flow path as described in claim 120, wherein said 
step of sequestering a volume of a second fluid further comprises the step of 
entraining particles within said volume of said second fluid. 

122. A method of selectably engaging a flow path as described in claim 121, wherein said 
step of entraining particles within said volume of said first fluid comprises entraining 
cells. 

123. A method of selectably engaging a flow path as described in claim 122, wherein said 
step of entraining particles within said volume of said second fluid comprises 
entraining cells. 

124. A method of selectably engaging a flow path as described in claim 123, further 
comprising the step of transporting said substantially homogenous mixture to a 
particle analysis system. 

125. A method of selectably engaging a flow path as described in claim 124, further 
comprising the step of pressurizing said fluid stream between about 50 pounds per 
square inch to about 150 pounds per square inch. 

126. A method of selectably engaging a flow path as described in claim 125, wherein said 
step of mixing said first material with said second material to a substantially 
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homogeneous mixture prior to exiting said fluid path comprises mixing a particle 
labeling material with said particles. 

127. A method of selectably engaging a flow path as described in claim 126, wherein said 
step of sequestering an amount of a first material comprises sequestering a volume of 
between about one microliter to about five microliters. 

128. A method of selectably engaging a flow path as described in claim 127, wherein said 
step of sequestering an amount of a second material comprises sequestering a volume 
of between about one microliter to about five microliters. 

129. A method of selectably engaging a flow path as described in claim 128, wherein said 
step of sequestering an amount of a first material comprises sequestering a different 
amount of said first material than said second material. 

130. A method of selectably engaging a flow path as described in claim 129, wherein said 
step of sequestering an amount of a first material and said step of sequestering an 
amount of a second material further comprise the steps of: 

a. providing a rotation surface having at least a first recess element and a second 
recess element; 

b. engaging a stationary surface with said rotation surface to generate said first 
enclosed volume and said second enclosed volume; 

c. rotating said rotation surface; 

d. aligning said first enclosed volume a first flow path; and 

e. aligning said second enclosed volume with a second flow path. 

131. A method of selectably engaging a flow path as described in claim 130, further 
comprising the step of providing at least one stationary surface recess element, 
wherein said at least one stationary surface recess element and said rotation surface 
define at least one enclosed stationary volume, and wherein said first enclosed 
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volume and said second enclosed volume rotatably align with said stationary surface 
recess element. 

132. A method of selectably engaging a flow path as described in claim 131, further 
comprising the steps of: 

a. aligning said first enclosed volume with a third flow path; and 

b. aligning said second enclosed volume with a fourth path. 

133. A method of selectably engaging a flow path as described in claim 132, further 
comprising the steps of: 

a. flowing a third fluid stream within said third flow path; and 

b. flowing a fourth fluid stream within said fourth flow path. 

134. A method of selectably engaging a flow path as described in claim 133, wherein said 
third fluid stream and said fourth fluid stream comprise a cleaning fluid. 

135. A method of selectably engaging a flow path as described in claim 134, further 
comprising the steps of: 

a. cleaning said first enclosed volume; and 

b, cleaning said second enclosed volume. 

136. A method of selectably engaging a flow path as described in claim 135, further 
comprising the steps of: 

a. engaging said first enclosed volume with said third fluid path and said second 
enclosed volume with said fourth fluid path substantially simultaneously; 

b. rotating said rotation surface with respect to said stationary surface to engage 
said first enclosed volume with said first fluid path and said second enclosed 
volume with said second fluid path substantially simultaneously; and 

c. rotating said rotation surface with respect to said stationary surface to engage 
said first enclosed volume and said second enclosed volume with said at least 
one stationary surface recess element. 



69 

AMENDED SHEET (ARTICLE 19) 



WO 01/90295 



PCT/US01/16243 



137. A method of selectably engaging a flow path as described in claim 136, further 
comprising the step of rotating said rotation surface in a single direction of rotation. 

138. A material transfer apparatus as described in claim 26, further comprising a plurality 
of enclosed volumes. 
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